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fibres (1 ) where covering portions are formed (9), and a 



tical fibres (1 ) are inserted between a pair of substrates tapered groove (5) is formed which connects from said 

(2, 3) consisting of a first substrate (2), wherein a parallel parallel groove (4) towards the approximately rectangu- 

groove (4) is formed at one end thereof for accommo- lar groove (6) whilst widening, and a second substrate 

dating the ends of portions of a plurality of optical fibres (3), wherein an approximately rectangular groove (7) is 

(1 ) where no covering portions are formed, an approxi- formed at said other end thereof for accommodating the 

mately rectangular groove (6) is formed at the other end portions of said optical fibres (1) where covering por- 

thereof for accommodating the portions of said optical tions (9) are formed. 
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Description 

The present invention relates to an optical fibre ar- 
ray used as a component for an optical communications 
device, and to a method for manufacturing same. 

An optical fibre array is formed by arraying a plural- 
ity of optical fibres in a substrate, or on a substrate, to 
a high degree of positional accuracy, and it is an indis- 
pensable optical component for connection with 
waveguide-type optical components having a plurality 
of input/output terminals, or array-type optical compo- 
nents wherein a plurality of light-emitting elements and 
light-receiving elements are arrayed. With the progress 
of optical communications technology in recent years, 
higher positional accuracy and lower cost have been de- 
manded in optical fibre arrays. 

A conventional optica! fibre array and a method for 
manufacturing same is now described with reference to 
the drawings. 

Fig. 8 aid Fig. 10 are conceptual diagrams showing 
the structure of a conventional optical fibre array, and 
Fig. 9, Fig. 11 and Fig. 12 are conceptual diagrams 
showing one part of a manufacturing process for an op- 
tical fibre array. 

The optical fibre array shown in Fig. 8 is manufac- 
tured using a substrate 20 comprising a plurality of guide 
grooves 1 0 as depicted in Fig. 9, an optical fibre 1 being 
arrayed respectively along each of these guide grooves 
1 0, and a planar substrate 21 being superposed thereon 
such that it applies pressure thereto. 

Furthermore, the optical fibre array shown in Fig. 10 
is manufactured using two substrates 23 and 24 com- 
prising step portions. A plurality of optical fibres 1 are 
arrayed on one substrate 23 (see Fig. 11(a)), and the 
other substrate 24 is superposed thereon. This sub- 
strate 24 is then moved in a direction parallel to the ar- 
row in Fig. 11 (b), and this movement is halted and the 
substrate 24 is fixed at a point where the optical fibres 
1 are aligned in close mutual contact. 

Although it is possible to form an optical fibre array 
having the desired positional accuracy by means of con- 
ventional manufacturing methods of this kind, in the 
method illustrated in Fig. 8, a high degree of accuracy 
is required in processing when forming the guide 
grooves 10 in the substrate 20, since the accuracy in 
arraying the optical fibres 1 is determined by the preci- 
sion of the guide grooves 10. In particular, the closer the 
contact between the optical fibres 1, the greater the 
need to reduce the array spacing between the optical 
fibres, therefore requiring extremely high-precision 
processing technology. Therefore, there is a problem in 
that the substrate becomes expensive. 

On the other hand, if the diameter of the optical fibre 
coverings is greater than the array pitch, then stress due 
to bending will occur in the optical fibres 1 at the end 
portions of the respective guide grooves 10 when the 
optical fibres 1 are accommodated in the guide grooves 
10. Consequently, there has been a problem in that fine 



cracks are liable to appear in the optical fibres 1 , and 
rupturing, and the like, is liable to occur. 

Furthermore, in the manufacturing method illustrat- 
ed in Fig. 10, the optical fibres 1 are held between two 
5 substrates 23 and 24 and, in this state, they are aligned 
and brought into close mutual contact by moving one 
substrate 24 in a lateral direction. In this operation, there 
is a problem in that friction is produced between the op- 
tical fibres 1 and the substrates 23 and 24, and fine 
io cracks are liable to occur in the optical fibres 1 . Moreo- 
ver, there is a problem in that the optical fibres 1 are 
liable to rupture due to the generation of torsional stress 
in the optical fibres 1 . 

A conceivable approach for overcoming these prob- 
is lems is to reduce the pressure at which the optical fibres 
1 are held between the two substrates 23 and 24. How- 
ever, if this pressure is too iow, there is a problem in that 
the arrayed optical fibres 1 will shift from their set posi- 
tions, assuming a non-linear cross-sectional arrange- 
rs menl as shown in Fig. 12, and the desired performance 
will not be obtained. 

In order to achieve a linear state of array of the op- 
tical fibres, without producing any faults, such as rup- 
tures, or the like, therein, extremely fine adjustment is 
25 required of the pressure at which the optical fibres are 
held between the substrates, and the pressure by which 
the substrate is moved in a lateral direction. Accordingly, 
there is a problem in that the operation of arraying the 
optical fibres is not simple, and as a result, it is difficult 
30 to obtain optical fibre arrays at a high yield rate. 

An aim of the present invention is to overcome the 
conventional problems described above, and provide an 
optical fibre array and a method of manufacturing same, 
whereby the array pitch is matched to the outer diameter 
35 of the optical fibres and high positional accuracy can be 
achieved by means of a simple arraying operation, with- 
out provides an optical fibre array comprising a pair of 
requiring high-precision processing of the substrates. In 
order to achieve this aim , the present invention sub- 
strates, consisting of a first substrate and a second sub- 
strate, and a plurality of optical fibres, the end portions 
of which are fixed to the pair of substrates, wherein the 
ends of portions of the plurality of optical fibres where 
no covering portions are formed are formed into a close- 
rs ly-contacting array in a line at one end of the substrates; 
the portions of the optical fibres where covering portions 
are formed are held at the other end of the substrates; 
the first substrate comprises, in the side at the one end 
thereof, a parallel groove for accommodating the ends 
50 of the portions of the plurality of optical fibres where no 
covering portions are formed, in the side at the other 
end thereof, an approximately rectangular groove for 
accommodating the portions of the optical fibres where 
covering portions are formed, and a tapered groove 
55 which connects from the parallel groove towards the ap- 
proximately rectangular groove whilst widening; and the 
second substrate comprises, in the side at the other end 
thereof, a rectangular groove for accommodating the 



BNSDOCID: <EP__ 



3 



EP 0 782 022 A1 



4 



portions of the optical fibres where covering portions are 
formed. 

It is appropriate for the parallel groove to have a 
width larger than the sum of the diameters of the plurality 
of optical fibres arranged therein, and for the depth of 
the parallel groove to be smaller than the diameter of 
the optical fibres. 

Furthermore, if the width W of the parallel groove is 
taken as W and its depth as D, and the cladding diam- 
eter of the optical fibres is taken as K, the core diameter 
of the optical fibres, as L, and the number of arrayed 
optical fibres, as n, then it is even more desirable if the 
following formulae (1) and (2) are satisfied. 

nK<W<nK + 2L (1) 



(1 / 2) K < D < K (2) 

Moreover, the present invention provides a method 
of manufacturing an optical fibre array comprising: a 
process whereby a first substrate, wherein a parallel 
groove is formed at one end thereof for accommodating 
the ends of portions of a plurality of optical fibres where 
no covering portions are formed, an approximately rec- 
tangular groove is formed at the other end thereof for 
accommodating the portions of the optical fibres where 
covering portions are formed : and a tapered groove is 
formed which connects from the parallel groove towards 
the approximately rectangular groove whilst widening, 
is coated, or filled, with adhesive, on the side thereof 
wherein the grooves are formed; a process whereby a 
second substrate, wherein an approximately rectangu- 
lar groove is formed at the other end thereof for accom- 
modating the portions of the optical fibres where cover- 
ing portions are formed, is coated, or filled, with adhe- 
sive, on the side thereof wherein the groove is formed; 
a process whereby the first substrate and second sub- 
strate are placed in mutual opposition such that their re- 
spective grooves are facing each other; a process 
whereby the borders between the portions of the plural- 
ity of optical fibres where no covering portions are 
formed and the portions thereof where covering portions 
are formed, are aligned, and the covering portions are 
arrayed provisionally in a flat configuration in close mu- 
tual contacl; a process whereby the ends of the portions 
of the provisionally arrayed optical fibres where no cov- 
ering portions are formed, are inserted from the side of 
the substrates placed in mutual opposition which con- 
tains the rectangular grooves, and into the relevant 
groove; a process whereby, after the insertion, the sec- 
ond substrate is pressed down on the first substrate 
such that the inserted optical fibres form close contact 
with the substrates; a process whereby the adhesive is 
caused to harden whilst maintaining the state of press- 
ing, and the first substrate and second substrate, and 
the plurality of optical fibres, are fixed together to form 



an integrated unit; and a process whereby, after the fix- 
ing, the exposed ends of the portions of the optical fibres 
where no covering portions are formed, are polished. 
Preferred embodiments of the present invention will 
5 now be described hereinbelow by way of example only 
with reference to the accompanying drawings, in which: 

Fig. 1 is a side view of an optical fibre array relating 
to a mode for implementing the present invention, 
10 viewed from an end where the end portions of opti- 
cal fibres are exposed: 

Fig. 2 is an oblique diagram showing a first sub- 
strate used to compose an optical fibre array relat- 
ing to a mode for implementing the present inven- 
ts tion; 

Fig. 3 is an oblique diagram showing a second sub- 
strate used to compose an optical fibre array relat- 
ing to a mode for implementing the present inven- 
tion; 

20 Fig. 4 is an oblique diagram showing a plurality of 
optical fibres inserted in a space formed by super- 
posing the substrates shown in Fig. 2 and Fig. 3; 
Fig. 5 is a plan view of the first substrate shown in 
Fig. 2; 

25 Fig. 6 is a plan view showing a production example 
of the first substrate shown in Fig. 2; 
Fig. 7 is a plan view showing a production example 
of the second substrate shown in Fig. 3; 
Fig. 8 is a side view showing a conventional optical 

30 fibre array. 

Fig. 9 is an oblique view of a substrate used to com- 
pose the optical fibre array shown in Fig. 8; 
Fig. 10 is a side view of a conventional optical fibre 
array; 

35 Fig. 11 is a side view showing one part of a manu- 
facturing process for the optical fibre array shown 
in Fig. 10; and 

Fig. 12 is a side view showing an unsatisfactory ex- 
ample of the optical fibre array shown in Fig. 10. 

40 

As shown in Fig. 1 to Fig. 5, the optical fibre array 
relating to the mode for implementing the present inven- 
tion is constituted by a first substrate 2, a second sub- 
strate 3 superposed on the first substrate 2, optical ti- 
45 bres 1 arrayed between the first substrate 2 and the sec- 
ond substrate 3, and an adhesive 8 for fixing these op- 
tical fibres 1 . 

Although not specially indicated in the drawings, the 
optical fibres 1 consist of a core covered on the outer 
50 circumference thereof by a cladding, and as shown in 
Fig. 4 in particular, in the present mode for implementa- 
tion, covering portions 9 covering the optical fibres 1 are 
formed onto one portion thereof. 

As shown in Fig. 2 and Fig. 5, the first substrate 2 
55 comprises a parallel groove 4 provided at one end there- 
of, which accommodates the end sections of the plural- 
ity of optical fibres 1 , a tapered groove 5 which connects 
to this parallel groove 4 and gradually widens, and an 
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approximately rectangular groove 6 provided at the oth- 
er end of the substrate, which accommodates the optical 
fibres 1 where the covering portions 9 are formed. The 
parallel groove 4 has a width W slightly larger than the 
sum of the diameters of the optical fibres 1 , and a depth 
D slightly smaller than the diameter of the optical fibres 
1. 

As shown in Fig. 3, the second substrate 3 compris- 
es a flat surface 1 7 which contacts portions of the optical 
fibres 1 f and an approximately rectangular groove 7 
which accommodates the portions of the optical fibres 
1 where the covering portions 9 are formed. 

As shown in Fig. 1, the optical fibres 1 where the 
plurality of covering portions 9 are not formed are 
aligned into a flat shape in close mutual contact inside 
the parallel groove 4 in the first substrate 2. An adhesive 

8 is coated onto, or filled into, the space between the 
first substrate 2 and the second substrate 3. The two 
substrates and the optical fibres 1 are bonded together 
by means of this adhesive, producing mechanical 
strength to withstand pulling of the optical fibres 1, or 
the like. 

In the present invention, the most important points 
to note are that the width W of the parallel groove 4 
formed at one end of the first substrate 2 is larger than 
the sum of the diameters of the aligned optical fibres 1, 
the depth D of the parallel groove 4 is smaller than the 
diameter of the aligned optical fibres 1 , and this parallel 
groove 4 is formed such that it connects to the tapered 
groove 5, which widens in the direction of the groove 6 
formed at the other end of the first substrate 2. 

To arrange the optical fibres 1 in a prescribed posi- 
tion between the substrates 2 and 3, firstly, the surface 
of the first substrate 2 wherein the grooves are formed 
and the surface of the second substrate 3 wherein the 
groove 7 is formed are placed in opposition such they 
are mutually facing, as shown in Fig. 4. Thereupon, the 
borders between the portions of the optical fibres 1 
where no covering portions 9 are formed and the por- 
tions of the optical fibres 1 where the covering portions 

9 are formed, are aligned, and the plurality of optical fi- 
bres 1 are provisionally arrayed in a flat configuration in 
close mutual contact. Next, the portions of the optical 
fibres 1 where no covering portions 9 are formed are 
inserted via grooves 6 and 7 in the first substrate 2 and 
the second substrate 3 towards the parallel groove 4. In 
so doing, the optical fibres 1 are made to converge grad- 
ually in the tapered groove 5, and in the vicinity of the 
border with the parallel groove 4, they assume close mu- 
tual contact. Thereupon, pressure is applied causing the 
optical fibres 1 to converge towards the end of the par- 
allel groove 4, and they become accommodated inside 
the parallel groove 4 in a state of close mutual contact. 
Next, by pressing down the optical fibres 1 accommo- 
dated in the parallel groove 4 in a closely-contacting 
state, by means of the flat surface 1 7 of the second sub- 
strate 3, the optical fibres 1 are aligned inside the par- 
allel groove 4 and form a flat, closely-contacting array. 



In this way, since the optical fibres 1 are formed into 
a close y-contacting array by means of the force causing 
the optical fibres 1 to converge towards the parallel 
groove 4, it is possible for the width W of the parallel 
5 groove 4 to be made greater than the sum of the diam- 
eters of the optical fibres 1 . Consequently, it is not nec- 
essary to give an exact specification for the width W di- 
mension of the parallel groove, and therefore a merit is 
obtained in that advanced processing techniques are 
10 not required in the formation of the parallel groove 4. 

Next, an optical fibre array relating to the present 
mode for implementation is described in more specific 
terms. 

Firstly, the desirable range for the width W of the 
'5 parallel groove 4 formed in the first substrate 2 will be 
described. With respect to the aim of the present inven- 
tion, it is desirable that the width W of the parallel groove 
4 is sufficiently greater than the sum of the diameters of 
the optical fibres 1 , so that a plurality of optical fibres 1 
can be inserted readily into the parallel groove 4 to form 
a closely-contacting array. However, the greater the 
width W of the parallel groove 4, the weaker the force 
causing the optical fibres 1 to converge towards the cen- 
tre, and therefore, the looser the contact between the 
optical fibres 1 . Furthermore, in the present structure, 
since no absolute positions are specified for the optical 
fibres 1 forming a closely-contacting array inside the 
parallel groove 4, certain limits are placed on the width 
W of the parallel groove 4 in order to achieve the pre- 
scribed accuracy in the closely-contacting array. 

In general, an optical fibre array is aligned in terms 
of its optical axis with a waveguide-type optical compo- 
nent having a plurality of input/output terminals, or an 
array-type optical component wherein a plurality of light- 
emitting elements and light-receiving elements are ar- 
rayed, or the like, and it is fixed thereto by a method 
such as adhesion, or the like. Alignment of the optical 
axes involves broad alignment so that light can be trans- 
mitted, and precise alignment in order to obtain optimum 
positioning of the optical axes. However, in cases where 
a certain degree of positional accuracy is guaranteed in 
the optical fibre array and the optical component to 
which it is being connected, light transmission can be 
achieved by setting the components in optical stages, 
and broad alignment becomes unnecessary. Moreover, 
if the positional accuracy is raised, it is also possib to 
remove the need for precise alignment as well, but since 
extremely advanced techniques are required in the sub- 
strate processing, this will result in higher costs. 

Therefore, it is desirable for the positional accuracy 
of the optical fibres in the optical fibre array to be within 
a range whereby light transmission can be achieved im- 
mediately when the components are set in optical stag- 
es. Considering, as a general example, a case where 
the cross-sectional dimensions of optical waveguides in 
the connecting section of an optical component being 
connected to the optical fibre array are equal to the core 
of the optical fibres used in the optical fibre array, posi- 
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tional accuracy within a range two times the size o1 the 
core diameter is required for the optical fibres, in order 
to remove the need for broad alignment. 

From the foregoing, it is desirable for the width W 
of the parallel groove 4 to be within the following range. 

nK < W<nK + 2L 

(where n is the number of arrayed optical fibres, K is the 
diameter of the optical fibre cladding, and L is the diam- 
eter of the optical fibre core.) 

It goes without saying that in cases where accuracy 
is not required in the positioning of the optical fibres, for 
example, where the cross-sectional dimensions of the 
optical component being connected to the optical fibre 
array are relatively large compared to the optical fibres, 
the aforementioned range limits do not apply. 

Next, the depth D of the parallel groove 4 is de- 
scribed. In the present mode for implementation, a plu- 
rality of optical fibres 1 are accommodated in the parallel 
groove 4 in the first substrate 2, and the optical fibres 1 
are aligned and formed into a closely-contacting array 
by applying pressure to the optical fibres 1 by means of 
the flat surface 17 of the second substrate 3. In other 
words, the base of the parallel groove 4 in the first sub- 
strate 2 and the flat surface 17 in the second substrate 

3 are required, respectively, to form close contact with 
the optical fibres 1 . Furthermore, a gap for an adhesive 
layer 8, albeit a small gap, is necessary between the first 
substrate 2 and the second substrate 3. 

Consequently, the depth D of the parallel groove 4 
must be smaller than the outer diameter of the cladding 
of the optical fibres 1 . Moreover, in order that the optical 
fibres 1 in the outermost positions receive a force from 
the side walls of the parallel groove 4 causing them to 
converge towards the centre when the optical fibres 1 
are inserted, desirably, the depth of the parallel groove 

4 should be greater than 1/2 of the cladding diameter of 
the optical fibres. In other words, a desirable range for 
the depth D is given by the following formula. 

(1/2)K<D<K 

(where K is the diameter of the optical fibre cladding.) 

There are no particular limitations on the length, a, 
of the parallel groove 4, but in cases where there is a 
large gap in the lateral direction when the optical fibres 
are formed into a closely-contacting array in the parallel 
groove 4, if the parallel groove 4 is extremely short, then 
large discrepancies will occur in the parallelism of the 
optical fibres with respect to the walls of the parallel 
groove 4, causing deviations in the perpendicularity of 
the optical fibres with respect to the end surface, and 
thereby leading to increased optical losses. Further- 
more, it is undesirable if the parallel groove 4 is made 
longer than necessary, from the viewpoint of having to 



increase the size of the optical fibre array itself. For 
these reasons, in broad terms, a desirable range for the 
length, a, of the parallel groove 4 is of the order of 2 - 
20 times the width W of the parallel groove 4. 

5 Next, a description is given of the tapered groove 5 

which connects to the parallel groove 4 and widens in 
the same plane (having a common groove depth D). The 
object of providing the tapered groove is so that a plu- 
rality of optical fibres arrayed provisionally in a flat 

10 shape, such as the shape of a tape, or the like : can be 
guided simply into the parallel groove 4. The optical fi- 
bres converge towards the centre as they move along 
the tapered groove 5, and they bend sharply in the vi- 
cinity of the border between the parallel groove 4 and 

is the tapered groove 5. If this bend angle is very large, it 
becomes difficult to introduce the optical fibres smoothly 
from the tapered groove 5 into the parallel groove 4, and 
therefore it is desirable to set the bend angle 6, shown 
in Fig. 5, to 45° or less. Providing the bend section with 

20 a radius to make the corners smoother is also advanta- 
geous in preventing damage to the optical fibres. The 
boundary line, b, of the tapered groove 5 may be a 
straight line, or it may be curved. 

The groove width, d, of the tapered groove 5 at its 

25 point of maximum widening, A, should allow the uncov- 
ered portions of the provisionally arrayed optical fibres 
to be inserted readily, and although there are no partic- 
ular limitations, in broad terms, the following range is 
desirable. 

30 

nH - 2T < d < nH - 2T + 1 mm 

(where H is the diameter of the optical fibre covering, T 

35 is the thickness of the optical fibre covering, and n is the 
number of arrayed optical fibres.) 

Furthermore, the tapered groove 5 may be extend- 
ed in parallel form to a desired length from its widest 
point, A, towards the square groove, (corresponding to 

40 c in Fig. 5), but from the viewpoint of making the com- 
ponent more compact, it is desirable for the length of c 
to be short, and it may even be zero. 

The dimensions of the approximately rectangular 
groove 6 for accommodating the covered portions of the 

45 optical fibres should provide a space capable of accom- 
modating the covered portions of the arrayed optical fi- 
bres, and whilst no precise specifications are given, in 
broad terms, the following ranges are desirable for the 
width, e, of the groove 6, and the step, h, between the 

50 groove 6 and the tapered groove 5. 

nH < e < nH +0.5 mm 

55 (where H is the diameter of the optical fibre covering, 
and n is the number of arrayed optical fibres.) 
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T<h < T + 0.2 mm 

(where T is the thickness of the optical fibre covering ) 

Furthermore, the length, f, of the groove 6 should 
be sufficient to allow the covered portions of the optical 
fibres to be fixed with satisfactory strength between the 
two substrates using an adhesive, and whilst it is not 
limited in particular, a length of approximately 2 - 20 mm 
is desirable, in broad terms. 

Next, the shape and dimensions of the second sub- 
strate 3 in the present invention are described. 

The surface of the second substrate 3 in contact 
with the uncovered optical fibres may be a flat surface, 
but a rectangular groove 7 is required in the portion 
thereof where the covered optical fibres are accommo- 
dated. It is desirable for the width and length of the 
groove 7 in the second substrate 3 to be made equal to 
the width, e, and length, f , in the first substrate 2. A de- 
sirable range for the slep belween the groove 7 and the 
flat surface is the same as that for h in the first substrate 
described above. 

As mentioned in the description of the tapered 
groove 5, in the first substrate 2 and the second sub- 
strate 3, it is advantageous for preventing damage to 
the optical fibres if the bend angle or step regions in con- 
tact with the uncovered optical fibres are formed with 
smooth comers. 

Moreover, in addition tothe structure described thus 
far, it is possible to improve operability further, by, for 
example, providing a guide groove in one of the sub- 
strates and forming the other substrate such that it fits 
thereon, in order to simplify positional registration when 
superposing the first substrate and the second sub- 
strate. 

With regard to a method of manufacturing an optical 
array according to the present invention, the first sub- 
strate 2 comprising a parallel groove 4 : tapered groove 
5 and a groove 6, and the second substrate 3 comprising 
a flat surface and a groove 7, are placed together such 
that the surfaces containing the respective grooves are 
mutually facing, these adjoining faces having previously 
been coated, or filled, with adhesive , and in a state 
whereby the covered portions of a plurality of optical fi- 
bres 1 which have had the covering removed from the 
ends thereof, are arranged provisionally in a flat shape, 
such as the shape of a tape, or the like, forming close 
mutual conlacl, Ihe optical fibres 1 are inserted into 
grooves 6, 7, the ends of the plurality of optical fibres 1 
pass along the tapered groove 5 formed in the first sub- 
strate and reach the end of the parallel groove 4, and 
the covered portions of the optical fibres are accommo- 
dated in grooves 6, 7, whereupon the second substrate 
is pressed down towards the first substrate such that the 
optical fibres 1 form close contact with the respective 
substrates, and the adhesive 8 hardens to fix the sub- 
strates and optical fibres 1 together, thereby forming an 
optical fibre array. 



According to the composition described above, it is 
possible to manufacture substrates for use in the optical 
fibre array of the present invention at low cost by means 
of methods such as mechanical processing or moulding, 
5 or the like, without the need for high-precision process- 
ing. Furthermore, it is possible to form the optical fibres 
into a closely-contacting array by means of the simple 
operation of inserting the optical fibres. 

Next a specific production example is described. 
io Fig. 6 and Fig. 7 are plan views showing the dimen- 
sions of production examples of the first substrate 2 and 
the second substrate 3, respectively. In this production 
example, the optical fibres used were four optical fibre 
core wires having a cladding diameter of 1 25 mm, a core 

15 diameter of 62.5 mm, and an external covering diameter 
of 0.9 mm, the first substrate 2 was made from Kovar, 
and the second substrate 3 was made from glass. The 
external dimensions of the first substrate 2 were: width 
6mm, length 1 5 mm, and height 2 mm; and those of the 

20 second substrate 3 were: width 6mm, length 1 5 mm, and 
height 1.2 mm. 

The parallel groove 4 in the first substrate 2 had: 
width 500 mm, length 6 mm, and depth 120 mm; the 
tapered groove 5 had: bend angle 18°, and maximum 

25 width 3 mm; and the groove 6 had; width 4 mm, length 
4 mm, and a step of 0.5 mm with respect to the tapered 
groove. 

Furthermore, the groove 7 in the second substrate 
3 had: width 4 mm, length 4 mm, and a step of 0.5 mm 

30 with respect to the flat surface. 

The process for arraying the optical fibres of the 
above construction follows the steps described below. 

Fig. 4 is an oblique diagram illustrating a method of 
arraying optical fibres in the optical fibre array in Fig. 1 . 

35 Thermosetting adhesive is coated onto every part 
of the face of the first substrate 2 containing grooves 4, 
5, 6, and the second substrate 3 is superposed thereon, 
with the surface containing the groove 7 facing down- 
wards, and it is pressed lightly. Next, four optical fibres, 

40 which have had their coatings removed at the ends 
thereof, are arrayed provisionally in the shape of a tape 
and are inserted via grooves 6, 7, such that the ends of 
the optical fibres reach the end of the parallel groove 4 
and the covered portions are accommodated in grooves 

45 6, 7, whereupon the second substrate 3 is pressed 
down, such that the upper and lower sides of the optical 
fibres 1 form close contact with the two substrates 2, 3, 
and it is fixed in this slate whilst heal is applied, causing 
the adhesive to harden and forming the optical fibres 1 

so and the substrates 2, 3 into an integrated unit. 

When the end section of an optical fibre array ob- 
tained in this way was polished and inspected, the four 
optical fibres were arrayed in a linear configuration in 
close mutual contact, as shown in Fig. 1 . 

55 As described above, according to this this produc- 
tion example, it is possible to obtain an optical fibre array 
wherein optical fibres are formed into a closely-contact- 
ing array with good positional accuracy, by means of the 
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extremely simple operation of inserting a plurality of op- 
tical fibres between two substrates. 

As described above, according to the present in- 
vention, it is possible to obtain an optical fibre array 
wherein optical fibres are formed into a closely-contact- 5 
ing array to a high degree ol accuracy, by inserting a 
plurality of optical fibres between a pair of substrates, 
consisting of a first substrate comprising a parallel 
groove, a tapered groove connected thereto, and a rec- 
tangular groove, and a second substrate comprising a 10 
flat surface and a square groove. Furthermore, since no 
high-precision processing is required for the substrates 
used to manufacture the array, and moreover, since the 
operation for arraying the optical fibres is simple, it is 
possible to provide the optical fibre array at low cost and 
high yield rate. 

Claims 

20 

1 . An optical fibre array comprising: 

a pair of substrates consisting of a first sub- 
strate and a second substrate; and 
a plurality of optical fibres, the end portions of 25 
which are fixed to said pair of substrates; 
wherein the ends of portions of said plurality of 
optical fibres where no covering portions are 
formed are formed into a closely-contacting ar- 
ray in a line at one end of said substrates; 30 
the portions of said optical fibres where cover- 
ing portions are formed are held at the other 
end of said substrates; 

said first substrate comprises, in the side at 
said one end thereof, a parallel groove for ac- 35 
commodating the ends of the portions of said 
plurality of optical fibres where no covering por- 
tions are formed, in the side at said other end 
thereof, an approximately rectangular groove 
for accommodating the portions of said optical *o 
fibres where covering portions are formed, and 
a tapered groove which connects from said par- 
allel groove towards the approximately rectan- 
gular groove whilst widening; and 
said second substrate comprises, in the side at *5 
said other end thereof, a rectangular groove for 
accommodating the portions of said optical fi- 
bres where covering portions are lormed. 

2. An optical fibre array according to claim 1 , wherein so 
the width of said parallel groove is greater than the 
sum of the diameters of the arrayed plurality of op- 
tical fibres, and the depth of said parallel groove is 
smaller than the diameter of said optical fibres. 



3. An optical fibre array according to claim 2, wherein 
the width W and depth D of said parallel groove may 
be expressed by the following formulae (1) and (2), 



when the diameter of the cladding of said optical 
fibres is taken as K, the core diameter of the optical 
fibres is taken as L, and the number of arrayed op- 
tical fibres is taken as n. 

nK <W<nK + 2L (1) 



(1/2) K < D < K (2) 

4. A method of manufacturing an optical fibre array 
comprising: 

a step whereby a first substrate, wherein a par- 
allel groove is formed at one end thereof for ac- 
commodating the ends of portions of a plurality 
of optical fibres where no covering portions are 
formed, an approximately rectangular groove is 
formed at the other end thereof for accommo- 
dating the portions of said optical fibres where 
covering portions are formed, and a tapered 
groove is formed which connects from said par- 
allel groove towards the approximately rectan- 
gular groove whilst widening, is coated, or 
filled, with adhesive, on the side thereof where- 
in said grooves are formed; 
a step whereby a second substrate, wherein an 
approximately rectangular groove is formed at 
said other end thereof for accommodating the 
portions of said optical fibres where covering 
portions are formed; 

a step whereby said first substrate and second 
substrate are placed in mutual opposition such 
that their respective grooves are facing each 
other; 

a step whereby the borders between the por- 
tions of said plurality of optical fibres where no 
covering portions are formed and the portions 
thereof where covering portions are formed, 
are aligned , and said covering portions are ar- 
rayed provisionally in a flat configuration in 
close mutual contact; 

a step whereby the ends of the portions of said 
provisionally arrayed optical fibres where no 
covering portions are formed, are inserted from 
the side of said subslrales placed in mutual op- 
position which contains the rectangular 
grooves, and into said grooves; 
a step whereby, after said insertion, said sec- 
ond substrate is pressed down on the first sub- 
strate such that said inserted optical fibres form 
close contact with the substrates; 
a step whereby said adhesive is caused to 
55 harden whilst maintaining said state of press- 

ing, and said first substrate and second sub- 
strate, and the plurality of optical fibres, are 
fixed together to form an integrated unit; and 
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a step whereby, after said fixing, the exposed 
ends of the portions of the optical fibres where 
no covering portions are formed, are polished. 

5. A method of manufacturing an optical fibre array 5 
comprising: 

a step whereby a first substrate, wherein a par- 
allel groove is formed at one end thereof for ac- 
commodating the ends of portions of a plurality 10 
of optical fibres where no covering portions are 
formed, an approximately rectangular groove is 
formed at the other end thereof for accommo- 
dating the portions of said optical fibres where 
covering portions are formed, and a tapered is 
groove is formed which connects from said par- 
allel groove towards the approximately rectan- 
gular groove whilst widening; 
a step whereby a second substrate, wherein an 
approximately rectangular groove is formed at 20 
said other end thereof for accommodating the 
portions of said optical fibres where covering 
portions are formed, is coated, or filled, with ad- 
hesive, on the side thereof wherein said groove 
is formed; 2s 
a step whereby said first substrate and second 
substrate are placed in mutual opposition such 
that their respective grooves are facing each 
other; 

a step whereby the borders between the por- 30 
tions of said plurality of optical fibres where no 
covering portions are formed and the portions 
thereof where covering portions are formed, 
are aligned, and said covering portions are arr 
yed provisionally in a flat configuration in close 35 
mutual contact; 

a step whereby the ends of the portions of said 
provisionally arrayed optical fibres where no 
covering portions are formed, are inserted from 
the side of said substrates placed in mutual op- 40 
position which contains the rectangular 
grooves, and into said grooves; 
a step whereby, after said insertion, said sec- 
ond substrate is pressed down on the first sub- 
strate such that said inserted optical fibres form 45 
close contact with the substrates; 
a step whereby said adhesive is caused to 
harden whilst maintaining said slale of press- 
ing, and said first substrate and second sub- 
strate, and the plurality of optical fibres, are so 
fixed together to form an integrated unit; and 
a step whereby, after said fixing, the exposed 
ends of the portions of the optical fibres where 
no covering portions are formed, are polished. 

55 

6. A method of manufacturing an optical fibre array 
comprising: 



a step whereby a first substrate, wherein a par- 
allel groove is formed at one end thereof for ac- 
commodating the ends of portions of a plurality 
of optical fibres where no covering portions are 
formed, an approximately rectangular groove is 
formed at the other end thereof for accommo- 
dating the portions of said optical fibres where 
covering portions are formed, and a tapered 
groove is formed which connects from said par- 
allel groove towards the approximately rectan- 
gular groove whilst widening, is coated, or 
filled, with adhesive, on the side thereof where- 
in said grooves are formed; 
a step whereby a second substrate, wherein an 
approximately rectangular groove is formed at 
said other end thereof for accommodating the 
portions of said optical fibres where covering 
portions are formed, is coated, or illed, with ad- 
hesive, on the side thereof wherein said groove 
is formed; 

a step whereby said first substrate and second 
substrate are placed in mutual opposition such 
that their respective grooves are facing each 
other; 

a step whereby the borders between the por- 
tions of said plurality of optical fibres where no 
covering portions are formed and the portions 
thereof where covering portions are formed, 
are aligned, and said covering portions are ar- 
rayed provisionally in a flat configuration in 
close mutual contact; 

a step whereby the ends of the portions of said 
provisionally arrayed optical fibres where no 
covering portions are formed, are inserted from 
the side of said substrates placed in mutual op- 
position which contains the rectangular 
grooves, and into said grooves; 
a step whereby, after said insertion, said sec- 
ond substrate is pressed down on the first sub- 
strate such that said inserted optical fibres form 
close contact with the substrates; 
a step whereby said adhesive is caused to 
harden whilst maintaining said state of press- 
ing, and said first substrate and second sub- 
strate, and the plurality of optical fibres, are 
fixed together to form an integrated unit; and 
a step whereby, after said fixing, the exposed 
ends of Ihe portions of the optical fibres where 
no covering portions are formed, are polished. 
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